Background: The decision making process for axillary dissection has changed in recent years for patients with early breast cancer and positive sentinel lymph nodes (LN). The question now arises, what is the optimal surgical treatment for patients with positive axillary LN (pN+). This article tries to answer the following questions:
Background
The nodal status in breast cancer patients is a well-established prognostic factor [1] . In order to evaluate the nodal status surgical staging was routinely done for breast cancer patients with positive lymph nodes. In an axillary dissection the lymphatic tissue was removed between the axillary vein superiorly, the serratus anterior muscle medially and the latissimus dorsi muscle laterally. The number of removed lymph nodes varied from patient to patient. In order to define an adequate removal of lymph nodes a minimum number of 10 nodes in the final pathological report is recommended by the German S3 guidelines [1] . This number has not yet been confirmed by high quality studies, but the morbidity of an adequate axillary dissection is high [2] . Whilst the introduction of the sentinel node biopsy has reduced the morbidity for pN0 patients dramatically the discussion regarding axillary dissection in nodal positive patients is currently ongoing. The publication of studies omitting the axillary dissection in certain subgroups of patients, like the elderly [3] , the results of the Z0011 study and the common application of neoadjuvant chemotherapy, investigating the timing of the sentinel node biopsy and its' consequences for an axillary dissection [4] have individualized the surgical treatment. For pN+ patients, surgeons have to choose between axillary dissection (as guideline adherent treatment [1] ) and just removing the sentinel [5] . Surgically, the axillary dissection can be done in the above mentioned anatomical structures, but can also be performed as an 'extended sentinel' or 'reduced/non radical axillary' dissection leaving lymph-fat tissue behind but still removing several lymph nodes. Our previous general analysis on guideline adherent treatment, subgroups and average removed lymph nodes showed no superiority for a higher number of removed lymph nodes [6] .
The clinical question this subgroup analysis investigates is 'is the removal of 10 and less lymph nodes beneficial compared to the removal of more than 10 lymph nodes' (as recommended in the S3 guidelines [1] .
In the diverse look at the axillary clearance by current guidelines the tumor biology does not contribute [7, 8] . With HER2+ and triple negative tumor biology patients are considered at a higher risk for recurrence. Systemic treatment is well established in these sub types but the question remains whether more radical surgery also improves the outcome. The current de-escalation in surgery and trial results like the AMAROS trial initiated a discussion of the indication for axillary radiotherapy in patients with breast conserving surgery +/− complete axillary dissection (ALNE) [9] .
As a secondary aim the data was used to retrospectively evaluate the prognostic value of the ratio of positive lymph nodes to removed lymph nodes (LNR).
If the number of removed lymph nodes is reduced the ratio could become less reliable to its mathematical limits.
Methods
In this retrospective multi-center cohort study, we analyzed data from 2992 patients with primary nodal positive breast cancer, diagnosed or treated at the Department of Gynecology and Obstetrics at the University of Ulm and 16 partner clinics (all certified breast cancer centers) in Germany between 2001 and 2008. The BRENDA (= breast cancer care under evidence-based guidelines) collective contained data on TNM-stage, histological subtype, grading, lymphatic and vascular invasion and estrogen/progesterone/erbB-2-expression. Further details of the database and data collection by medical documentalists have been previously published [6, [10] [11] [12] [13] [14] [15] . Certified breast centers are audited once a year to ensure the documentation quality. Date of diagnosis, and all adjuvant therapies (surgery, radiotherapy, adjuvant systemic treatment, endocrine therapy) of all patients meeting the inclusion criteria retrieved for this analysis. Patients gave written informed consent to the collection of their personal data and follow up. Details regarding age, type of surgery and medication used for systemic treatment were also available. Questionnaires were sent to physicians and breast centers involved in follow-up care, to local death registers and to patients to determine the recurrence and survival status of patients. The data was collected by a team of medical documentalists which resulted in high quality data.
Written and informed consent was obtained from all patients included in this clinical study. The inclusion criteria was histologically confirmed invasive breast cancer. The exclusion criteria were carcinoma in situ, primary metastatic disease, bilateral breast cancer, primary occult disease, phylloides tumor and patients with incomplete follow-up.
One of the intentions of the axillary dissection is to reduce axillary recurrences and possibly improve the survival of the patient. The recurrence free survival (RFS) and overall survival (OAS) is also influenced by systemic treatment or radiotherapy. To ensure the quality of the primary treatment the data was checked for 100%-guideline adherence. Wolters et al. demonstrated that treatment recommendations within national guidelines are identical and only differ marginally in adjuvant endocrine therapy [16] , therefore guideline adherent treatment was based on the German national consensus S3-guideline [1] . The omission of any suggested adjuvant treatment or the abandonment of any adjuvant treatment was classified as non-compliance with the suggested adjuvant therapy. 100% guideline adherent treatment indicates guideline adherent treatment in all subgroups (operation on the breast, axillary lymph node dissection, chemotherapy (The adjuvant systemic therapy includes patients with neoadjuvant chemotherapy), endocrine therapy, and radiotherapy). The tumor biology was classified according to our previous publication based on the St. Gallen recommendations [6] . The non luminal A cancers were considered 'high risk' for further analysis. The classification of variables was age, lymph node ratio (continuous), number of excised lymph-nodes (continuous and 2 categories), hormone receptor (2 categories -with 2 unknown hormone receptor patients included in the hormone receptor positive group), guideline adherent hormonal−/chemo therapy (2 categories), guideline adherent hormonal−/chemo therapy (2 categories) and intrinsic sub types (5 categories).
Statistical analysis
The primary end points were RFS and OAS. Nominally scaled variables were tabulated in contingency tables and tested for differences in frequency distribution. χ2-tests compared categorical variable between groups. Using a Kaplan-Meier approach standard survival analysis was performed to assess RFS and OAS. Formal statistical analysis was done with the log-rank test for the differences between treatment arms with respect to survival (OAS, RFS). The Cox proportional hazards model was used to evaluate simultaneously the effect of several factors on survival and to estimate the hazard ratios (HR) and confidence intervals (CIs). The proportional hazards (PH) assumption was checked using graphical diagnostics based on the scaled Schoenfeld residuals against (transformed) time. Tests were two-sided and a significant level was set at 0.05. The analyses were performed using R version 3.4.2 and SPSS 24.
Results
Baseline characteristics of the 2992 pN+ patients in this study can be found in Table 1 . 2631 (87.9%) patients had more than 10 lymph nodes removed and 361(12.1%) patients ≤10 lymph nodes. The two groups differ significantly for menopausal status, TNM-status, grading, intrinsic sub types and guideline adherent treatment. A detailed distribution of excised versus affected lymph nodes and further tumor details are provided in Table 2 . Patients in the subgroup N ≤ 10 were older, postmenopausal, had increased occurrence of luminal A tumors with smaller hormone receptor positive tumors with lower grading and fewer infiltrated lymph nodes but were more often not treated according to the guidelines.
The Wald statistics showed that the most important factors for RFS and OAS were intrinsic sub types, tumor size and guideline adherent chemo-and hormonal treatment. Age at diagnosis was highly significantly for OAS (p < 0.001) but not for RFS. In this multivariable Cox-model the RFS and OAS did not differ significantly for the number of excised lymph nodes (p = 0.075 & p = 0.376). Further details of the analysis are provided in Table 2 . The most important parameters for RFS are intrinsic sub types, tumor size and guideline adherent chemo-and hormonal therapy (Wald statistics). In this multivariable Cox-model neither the number of excised lymph nodes nor age at primary diagnosis are significant (p > 0.05).
The most important parameters for OAS are intrinsic sub types, guideline adherent chemo-and hormonal therapy, tumor size and age (Wald statistics). In this multivariable Cox-model the number of excised lymph nodes is not significant (p = 0.376). Figure 1a&b gives the stratified survival function for RFS and OAS. The data was stratified by the number of excised lymph nodes with cut-off value 10 and adjusted by age, tumor size, intrinsic sub types and guideline adherent adjuvant systemic therapy. No significant difference was noted for pN+ patients in this analysis.
As the final step the data was classified into high risk patients (i.e. non-luminal A, Nottingham Prognostic Index 'high risk' , G3, larger tumor size (T2-T4)). Uniand multivariable analyses for RFS and OAS for each subgroup again showed no significant survival benefit for removing more than 10 lymph nodes ( Table 3) .
Next we analyzed the relation between lymph node ratio (LNR) and the number of excised/affected LN and the prognostic value of LNR for RFS and OAS. The most important parameters for recurrence free survival are intrinsic sub types, tumor size and guideline adherent chemo-and hormonal therapy (Wald statistics) LNR was weakly inversely correlated to the number of removed lymph nodes (ρ = − 0.072; 95% CI: -0.108; − 0.036). Mean (0.42) and median (0.30) of LNR were significantly (p < 0.001) higher for pN1 patients with ≤10 excised LN than for patients with > 10 excised LN (mean = 0.28; median = 0.16) (cp. Fig. 2 ). The curve fit plots (Fig. 3a&b) show that there is no 'simple' function between the number of excised (affected) LN and LNR. LNR is uni-variate and multivariable a highly significant prognostic factor for RFS and OAS in both subgroups of pN1-patients with ≤10 and > 10 excised LN (Table 4) .
Discussion
The results of this retrospective study show no significant survival difference in pN+ breast cancer patients with 10 or less removed lymph nodes compared to more than 10 removed lymph nodes.
The nodal status in breast cancer remains an established prognostic factor alongside the tumor biology [17, 18] . Currently, the surgical standard is the removal of the sentinel node (SN) and until recently, if tumor cells were found in the SN, a ALNE level I&II was performed. Bilmoria et al. published in 2009 a retrospective analysis with a subgroup of 'macroscopic nodal metastases' and compared SN biopsy with SN biopsy and axillary completion. The median LN count in the SN only subgroup was 11, so comparable to our subgroup. The relative 5y survival did not differ significantly from the SN biopys and axillary completion group. After adjusting for the clinicopathological features the analysis resulted in a non significant trend for survival and axillary recurrence for the more extended surgery [19] . Looking at the review by Bromham et al. [20] the reviewed literature regarding axillary completion in pN+ patients discussed six trials comparing axillary sampling versus ALNE. The available low-level evidence was considered inconclusive regarding survival and risk of local recurrence. On the other hand, meta-analysis found no significant differences for survival for early breast cancer patients in case of omitting the ALNE. However ALNE is generally considered adequate if at least 10 nodes are retrieved, although this number has been arbitrarily set.
The Z0011-study questioned prospectively the necessity of a systematic/radical level I&II ALNE in patients with up to two positive sentinel lymph nodes. No significant difference in survival was found in the two subgroups. These results are supported by various systematic reviews for this subgroup [5, [21] [22] [23] or retrospective studies mainly in elderly or low risk patients [24] [25] [26] [27] [28] [29] . The latest update of the NCCN guidelines for breast cancer supports the omission of an ALNE in patients with a T1/2 tumor, maximum 2 positive sentinel lymph nodes with breast conserving surgery and planned whole breast radiotherapy and no preoperative chemotherapy. Parallel to the published results Table 3 Uni-and multivariable analysis of RFS and OAS with the dichotomized number of excised lymph nodes (10 ≤ LN < 10)
Uni-and multivariable analysis of RFS and OAS with the dichotomized number of excised lymph nodes (10 ≤ LN < 10) for various high risk subgroups of pN1-patients; NPI = Nottingham Prognosis Index; *adjusted by age, tumor size, intrinsic sub types and guideline adherent adjuvant systemic therapy surgeons started to reduce the number of removed lymph nodes, even in patients not fulfilling the inclusion criteria used by the Z0011-study [30, 31] .
Some of these results may indicate that even with an advanced axillary finding the ALNE might be less beneficial for the patient [9, 32] . Patients with three or more positive lymph nodes are considered 'high risk' for metastasis and decreased survival and have an even worse prognosis if treated sub standard [33, 34] . So for these patients a standard level I&II ALNE is recommended in the current guidelines [7, 8] . With presurgical ultrasound the detection of metastatic lymph nodes is established [35] and may indicate neoadjuvant chemotherapy. If neoadjuvant is not applied, primary surgery does include an ALNE. During surgery metastatic lymph nodes are often palpable but removal of level I-III will increase the post surgical morbidity. Unfortunately the number of removed lymph nodes is often used to define a complete/incomplete axillary resection. With the patients benefit in mind the surgeon has to counterbalance the known long term morbidity of the standard level I&II ALNE versus the questionable oncological benefit of the number of removed lymph nodes [36] . Our data contributes to the discussion about inadequate axillary surgery in pN+ patients as there was no survival difference in the two groups. For the clinician this is a very important information.
Besides the proposed benefit of the surgical removal of tumor cells in lymph nodes the pathological results are used in LNR or logg odds (LODDS) as a prognostic tool. Even with reduced numbers this ratio remains a strong prognostic parameter [18, 24, [37] [38] [39] . Here our analysis is in line with the current literature [40] adding knowledge on patients with less than 10 lymph nodes removed.
The number of infiltrated lymph nodes, LODDS or LNR are a criterion for radiotherapy of the axilla. At the German breast expert meeting 2017, it was agreed on axillary radiotherapy for high risk patients with breast conserving surgery and histologically confirmed cancerous lymph nodes (i.e. 1-3 positive lymph nodes and unfavorable tumor biology) or patients with 4 or more positive lymph nodes [41] . Even in patients with just whole breast radiotherapy the lower axillary lymph nodes are included in the treatment [42] .This is different in patients with mastectomy. Here further risk factors should exist to justify radiotherapy (i.e. positive SNB, unfavorable tumor biology, young patient). After the Fig. 2 Analysis to determine the 'optimal' number of lymph nodes in pN1 breast cancer patients for the calculation of the LN-ratio. Shown here is the calculation with the used cut off of 10 lymph-nodes publication of the AMAROS trial the indication for axillary radiotherapy is currently discussed [9] . The debate on the benefit of radiotherapy takes into account the different surgeries and histopathological findings. A current review by Zhao et al. summarizes the available literature for patients with a positive SNB in clinically node negative breast cancer [43] . The authors conclude for this subgroup that the radiotherapy is not inferior to ALNE but this conclusion was only based on 1899 patients with a follow up of 43 or 73 months in two randomized trials [29, 44] . Long term trial results are creating further evidence challenging the need for a surgical ALNE in SN positive, clinically node negative breast cancer patients who receive radiotherapy [9] .
Clearly the retrospective data collection of the present study is not designed to answer the question for the optimal number of removed lymph nodes in pN+ patients. Retrospective studies may only allow us to draw associations between the number of removed lymph nodes, guideline-adherent treatment, tumor biology and survival parameters. To draw causal conclusions concerning survival parameters would only be appropriate if treatment allocations were randomized and prospective. However, a randomization regarding the number of removed/affected lymph nodes is hardly possible. Therefore retrospective data might be the only possibility to reducing the morbidity of ALNE without compromising the patients' long term safety.
The comprehensive BRENDA database with a large number of patients and a long follow up provided by a network of 17 certified breast cancer centers with information on treatment and survival, annual audits for the data quality has provided valuable data for healthcare research [6, 10, 11, [13] [14] [15] [16] 45] . The follow up was done according to the German breast cancer guidelines [1] . This includes a clinical follow up every three months in the first two years and then twice a year until year five and then annually.
Similar results have been published in the past but the study populations differed (or less details were provided by the authors) from our study population regarding the nodal status, total number of lymph nodes removed, guideline adherence of the treatment, follow up period, patient numbers and tumor information. For example in our study only patients with axillary metastasis were included compared to 23% node positive in Sanghanis review [21] . Zhang et al. and Liang et al. only reviewed studies including patients who were 60 years or older [22] or considered elderly [46] . To the best of our knowledge there is no literature on the 'optimal' number of removed lymph nodes in our focus group. Joyce et al. [47] reports on patients without an ALNE to have a significantly higher risk of axillary recurrence and a slightly elevated mortality rate. Liang et al. confirm the raised local recurrence rates in elderly cN0 patients but do not find an OAS effect. The main difference to the previously mentioned reviews was the inclusion date for the search. Neither review provided information on further treatment even though systemic treatment influences the local disease control. All authors recommend to proceed with ALNE unless there is further evidence available. Our data supports the need for a critical review of the extend of the axillary dissection taking into account the evidence for the oncological benefit and the long-term morbidity.
Our study does not query the need for an ALNE in patients with node positive breast cancer, but it does try to bridge the gap between level I&II ALNE and SNB by looking at the number of removed lymph nodes. A lower number of removed lymph nodes should result in fewer surgical side effects like seroma [48] and ultimately improving the quality of life for the patient without compromising the oncological safety.
To the best of our knowledge this is the first time the number of removed lymph nodes in pN+ patients has been investigated in non-luminal A breast cancer in such detail, number of cases and the effect it has on survival.
Conclusion
Considering all these facts, our data suggests that removing more than 10 lymph nodes appears to provide no benefit in the survival of the pN+ breast cancer patient. 
